Abstract. We use Global Positioning System (GPS) measurements acquired from 1991 to 1995 to constrain the motion of sites in Bangalore, in southern India, and Kathmandu, Nepal, relative to a global GPS network. These measurements permit estimates of the northward motion of the Indian plate and convergence between the southern Himalaya and the Indian subcontinent. The velocities of Bangalore and Kathmandu in the ITRF92 reference frame agrees with that predicted by the NNR-NUVEL1A plate motion model for Indian plate motion, and differ from that predicted for the Australian plate, confirming the independent motion of the Indian and Australian plate fragments. No significant motion was detected between Bangalore and Kathmandu during the three years from 1991-1994, even though Kathmandu is located in the hanging wall of the active Himalayan thrust system. The Himalayan thrust system is thought to accommodate 18 + 7 mm/yr of convergence and has been the source of several historic M ~ 8 earthquakes. The absence of motion of Kathmandu relative to the Indian plate can be explained if the thrust system is presently locked south of the Greater Himalaya. Our preferred model has no steady slip on the detachment south of the Greater Himalaya, and steady slip at a rate greater than 6 mm/yr (1/3 of the long-term convergence rate) can be ruled out at 95% confidence level.
Introduction
Space geodesy can measure global tectonic motions directly, with a precision approaching that of models averaged over the last few million years (the NUVEL1 and NUVEL1A plate motion models of DeMets et al. [1990] and DeMets et al. Our results show no significant motion between Kathmandu and Bangalore between 1991 and 1994. Kathmandu is not moving significantly relative to the Indian plate, even though it lies on the hanging wall of the Himalayan thrust system. During the period 1991-1995, and probably during the interseismic period in general, the convergence rate between Kathmandu and the Indian plate is smaller than a few mm/yr. The uncertainty in our velocity estimate for Kathmandu is about 5 mm/yr.
Data Analysis and Results

Initial
Discussion
To explain the GPS observations and historical leveling data [Jackson and Bilham, 1994b ], we employ a simple model with the shallow portion of a fault locked during the interseismic period, while the deeper portion of the fault undergoes steady slip at the long-term slip rate as the rock at depth cannot sustain high shear stresses (e.g., Savage, 1983) . The shallow portion of the fault then slips only during earthquakes. We compute displacements from a dislocation model in an elastic half space [Okada, 1987] . locity indicates divergence). In our preferred model, the main Himalayan thrust system is locked south of the Greater Himalaya. Slip at depth below Tibet occurs at 18 mm/yr, based on the estimated long term convergence rate of 18 + 7 mm/yr [Molnar, 1990] . The GPS data are not sensitive to the amount of slip occurring on the steeper ramp, although 9-18 mm/yr slip is required to fit the uplift observed in the leveling data [Jackson and B ilham, 1994b] . Slip on the shallow detachment would produce southward motion of Kathmandu relative to the Indian plate, contrary to observation. In our preferred model, a slip deficit equal to the total long-term convergence rate is accumulating on the detachment. How much slip can there be on the detachment? This is a critical issue because any steady slip on the detachment reduces the rate at which a (seismogenic) slip deficit accumulates. Based on modeling of the leveling observations, Jackson and B ilham [1994b] suggested that 5 mm/yr of aseismic slip occurs on the detachment south of the Greater Himalaya. Given their model fault geometry, this slip was required to explain localized uplift in southern Nepal (a broad, gentle area of uplift from the Mahabharat Range to just south of the Siwaliks). If we were to adopt this 5 mm/yr slip rate on the detachment, it would predict about 8 mm/yr of convergence relative to India at Kathmandu rather than 3 mm/yr as in our preferred model. Slip on the detachment at a rate of 5 mm/yr is not consistent with our data for Kathmandu at the 68% confidence level (1(•), although we cannot rule out that much slip at the 95% confidence level. Slip on the detachment greater than 6 mm/yr (1/3 of the long-term convergence rate) would predict a velocity of Kathmandu relative to the Indian plate which would be outside of the 95% confidence region.
No locked zone, and no slip deficit, would be required by the data if the long-term convergence rate across the Himalaya were very low (< 8 mm/yr). If we assume that the entire detachment slips steadily at the long-term convergence rate, a long-term rate greater than 8 mm/yr would predict motion of Kathmandu which exceeds the 95% confidence limit of the observations. 
Conclusions
We find the velocities of Bangalore (India) and Kathmandu (Nepal) to be consistent with the hypothesis that the Indian plate moves independently of the Australian plate. Our results agree with NNR-NUVEL1A model predictions for the Indian plate (to within one sigma) for both components at both sites, confirming for the first time through geodetic measurements the amplitude and direction of the India-Eurasia convergence vector which must be partitioned on active structures between India and the stable Eurasia interior [Molnar and Tapponnier, 1975] .
The absence of significant motion of Kathmandu relative to the Indian plate confirms earlier studies of leveling data which suggest that the Himalayan thrust system is locked south of the Greater Himalaya, and undergoes very little or no slip between earthquakes. We cannot rule out a small amount of slip on the detachment. Unless the assumed long-term convergence rate across the Himalaya are grossly in error, the detachment must be locked or slipping at less than 6 mm/yr south of the Greater Himalaya at the longitude of Kathmandu. The downdip width of the locked zone probably extends at least from the Greater Himalaya to the Himalayan frontal thrusts, a distance exceeding 100 km. Great earthquakes have ruptured approximately 50% of the Himalayan front in the past 100 years although the precise limits of rupture are poorly known [Seeher and Armbruster, 1981; Molnar, 1990] . It is plausible that most or all of the locked zone near Kathmandu could rupture in a single great earthquake. Significant earthquakes occurred in 1833 and 1934 close to or beneath Kathmandu [Bilham, 1995] and although the rupture boundaries of these events are not known, at least the 1934 event probably ruptured from the greater Himalaya to at least the northern edge of the Ganga Plain. Our results confirm conclusions derived from leveling data that the rupture zone is presently locked, and that minor deformation beneath and south of the Lesser Himalaya is insufficient to release more than 1/3 of the convergence rate, and possibly much less [Bilham et al. 1995] . Future great earthquakes thus appear inevitable.
